Background: The coexistence of hyperparathyroidism and thyroid cancer presents important diagnostic and management challenges. With minimally invasive parathyroid surgery trending, preoperative thyroid imaging becomes more important as concomitant thyroid and parathyroid lesions are reported. The aim of the study was to evaluate the rate of thyroid cancer in patients operated for either primary (PHPT) or secondary hyperparathyroidism (SHPT).
Background
Primary hyperparathyroidism (PHPT) has a prevalence of 0.1 to 0.4% in the general population, being more frequently diagnosed in the fifth decade of life, in female patients [1] [2] [3] [4] . Several reports described an increased incidence risk of cancer in patients with PHPT [5] [6] [7] [8] .
The association of thyroid disease and PHPT was first described more than 70 years ago [9] . More recent reports evaluated the necessity and the extent of thyroid investigation prior to parathyroid surgery [10] . Patients with secondary (SHPT) and tertiary hyperparathyroidism (parathyroid gland autonomization) were also described to associate thyroid nodular disease and cancer [10] [11] [12] [13] [14] . Present literature does not include, however, studies comparing PHPT and SHPT with respect to their association with thyroid cancer.
Methods
The aim of our study was to characterize and compare the frequency of thyroid cancer among patients with primary or secondary hyperparathyroidism, who underwent both parathyroidectomy and thyroid surgery in a single surgical center.
Design and setting
After receiving approval from the institutional Ethics Committee, we reviewed retrospectively all parathyroidectomies performed between January 2010 and December 2017 at the Department of General Surgery, "Sf. Spiridon" Emergency Hospital Iasi. We included an initial number of 224 patients diagnosed and surgically treated for PHPT or SHPT. PHPT cases were diagnosed in the Endocrinology Department of "Sf. Spiridon" Emergency Hospital Iasi whereas SHPT cases in the context of advanced chronic kidney disease (CKD) were addressed from the Department of Nephrology, "C.I. Parhon" University Hospital Iasi. Surgery was performed by a team specialized in endocrine pathology. Patients' clinical data and morphopathological results were documented from the hospital's electronic registry. Seven patients had hyperparathyroidism in syndromic conditions: 6 cases of multiple endocrine neoplasia syndromes (MEN), 1 case of hypeparathyroidism -jaw tumor syndrome (HPT-JT), and were excluded from the study. The remaining 217 patients assigned to the main study group included 140 patients diagnosed with PHPT (64.5%) and 77 patients diagnosed with SHPT in the condition of advanced chronic kidney disease (35.5%). Parathyroidectomy was accompanied by thyroidectomy in 75 out of the 140 patients with PHPT and 31 out of the 77 patients with SHPT ( Fig. 1) . The main reason for thyroidectomy was the coexistence of solitary or multiple thyroid nodules, discovered before surgery and accompanied by compressive or esthetical complaints, followed by the incidental intraoperative findings. FNAB was performed from large thyroid nodules in 28 patients with PHPT and 9 patients with SHPT, but no elements of suspicion for malignancy were found before surgery. Surgical intervention on thyroid varied function of the dimensions and spreading of the observed lesions from adenomectomy and/or hemithyroidectomy to subtotal or total thyroidectomy.
The characteristics of patients from the PHPT and SHPT groups are depicted in Table 1 and Table 2 . All 28 Statistical analysis was performed using SPSS 20.0 software (IBM Corp., Armonk, NY, USA). Descriptive statistics for continuous variables was expressed as mean ± standard deviation. Bivariate analysis was conducted with independent sample t-test, comparing means. Categorical variables were expressed in number and percent (%), and Fisher's chi-square test was used to assess the differences between groups with regard to the categorical variables.
Results

Primary hyperparathyroidism
Mean age of patients with PHPT that underwent parathyroidectomy was 54.6 ± 13 years (between 18 and 77). The studied group consisted of 125 female and 15 male patients determining a female-to-male ratio of 8:1. PHPT was more frequently diagnosed in the fifth and sixth decade of life, similarly in men and women. The most frequent initial type of surgery performed in patients with PHPT was the minimally invasive parathyroidectomy (116 cases, 82.8%). Minimal intervention was however converted to open neck surgery due to the coexistence of important thyroid lesions found during operation in 26 cases, whereas in 25 cases of presurgically diagnosed nodular thyroid pathology, limited ipsilateral thyroid intervention was performed without conversion. Other 24 patients with PHPT and coexistent presurgically diagnosed large thyroid nodularization were thyroidectomized by open neck surgery together with the excision of diseased parathyroid tissue. Hyperparathyroidism affected more often the left parathyroid glands: 47 (33.6%) of surgical interventions concerned the left superior parathyroid gland and 38 (27.1%) the left inferior parathyroid gland. Morphopathological examination confirmed the diagnosis of parathyroid adenoma in 92 cases (65.7%) and of hyperplasia in 47 cases (33.6%). One patient (0.7%) in this group was diagnosed with parathyroid carcinoma. Thyroid surgery was performed in 75 cases (53.6%) because of the presence of associated thyroid pathology, mainly thyroid nodules. The most frequent procedure was total thyroidectomy performed in 48 cases (34.3%), followed by lobectomy/ lobisthmectomy in 21 cases (28%). The most frequent pathology described was adenomatous/colloid goiter with and without nodularization in 38 patients (27.1%); followed by Hashimoto thyroiditis with nodularization in 10 cases (7.1%) and solitary adenomas in 8 cases (5.7%, Table 1 ). Morphopathological investigation diagnosed 19 cases of PTC, which accounted for 13.6% of all PHPT Table 2 ).
Secondary hyperparathyroidism
The mean age of patients with SHPT that underwent parathyroidectomy was 48.8 ± 12 years (between 25 and 77 years). Sex distribution was balanced, with a femaleto-male ratio of~1:1 (39 male patients, 38 female patients, Table 1 ). Operated men were younger (between 30 and 50 years old), while women operated for SHPT were in the fifth decade. The elected procedure in SHPT was subtotal parathyroidectomy performed in 66 cases (84.4%), as parathyroid hyperplasia was the most frequent diagnosed pathology (74 cases, 96.1%). Thirty-one (40.3%) patients underwent both thyroid and parathyroid surgery leading to the diagnosis of 9 cases with PTC (8 cases of classic variant and 1 case of follicular variant of PTC), which accounted for 11.7% of all patients diagnosed with SHPT and of 25.7% of patients who underwent both thyroid and parathyroid surgery. All tumors were TMC, and in 8 out of 9 cases the lesions were unifocal. Similarly with PHPT patients the most frequent thyroid pathology was the adenomatous/colloid goiter with and without nodularization in 16 cases (51.7%, Table 2 ).
Comparison between patients with PHPT and SHPT
We found significant age (p = 0.001) and sex distribution (p < 0.001) differences, as well as type of parathyroid surgery, with more frequent minimally invasive surgery in PHPT (where the disease frequently involves only one parathyroid gland) and more frequent open neck surgery in SHPT, usually accompanied by hyperplasia of all parathyroid glands (p < 0.001, Table 1 ). There were no significant differences between the type of thyroid surgery (p = 0.109) performed, as the most frequent procedure was total thyroidectomy in both PHPT and SHPT. Mean presurgical PTH levels were higher in patients with SHPT than with PHPT (357.5 ± 38.1 pg/ml in PHPT and 1020 ± 161.4 pg/ml in SHPT, p < 0.001, Table 1 ). Morphopathological examination revealed more frequent solitary parathyroid adenoma in PHPT and more frequent multiglandular hyperplasia in SHPT (p < 0.001). The incidence of PTC was not different in patients with PHPT and SHPT (p = 0.694, Table 1 ). We did not find significant differences between the two groups with respect to the histological particularities of papillary carcinoma (p = 0.517), TNM classification (lymph node status: p = 0.253; no distant metastases involved), tumor diameter (p = 0.571) and multifocality (p = 0.507, Table 2 ). PTC with a diameter larger than 1 cm were found only in 6 patients with PHPT but at none of the patients with SHPT.
Discussion
PHPT is considered nowadays a frequent disease, mainly due to the high incidence of mild sporadic forms appearing more often in women between 50 and 60 years of age [1, 3, 15] . CKD is also a frequent disease appearing equally in males and females. Advancing CKD is often accompanied by reactive SHPT which appears at an earlier age than PHPT [16] . Due to deleterious effects of very high PTH levels on bone (renal osteodystrophy), selected patients with SHPT need parathyroid gland removal as an ultimate attempt to arrest this severe complication [16] . Most literature studies focused on the association between parathyroid and thyroid surgery only in cases of PHPT [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] or SHPT [12, 15, 32] alone, and just a few dealt with this association in both PHPT and SHPT operated cases taken together [33, 34] . These studies reported a wide rate range of concomitant parathyroid and thyroid intervention (between 2.5 and 84.3%) [12, 15, [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] .
Our study specifically evaluated the association of thyroid pathology in parathyroidectomized patients. We included 140 patients diagnosed with PHPT and 77 cases with advanced CKD and SHPT requiring parathyroidectomy. Seventy-five patients with PHPT and 31 patients with SHPT (53.6 and 40.3% respectively) underwent also thyroid surgery, mainly decided for nodular thyroid enlargement.
Patients with PHPT had a more advanced diagnostic age, predominance of females and of solitary parathyroid adenomas. Solitary parathyroid disease implied a more frequent use of minimally invasive parathyroidectomy at PHPT patients, whereas open neck surgery was the elective technique used in patients with SHPT, where patients are more at risk for parathyroid hyperplasia. Contrary to other reports, in our patients with PHPT we found parathyroid adenomas mainly on the left side (in 73.3% cases). Whereas one previous study was concluded more than four decades ago, when the only surgical technique used was open neck surgery [35] , the other study was performed recently but on a geographically distinct population [36] , therefore genetic variations may be the substrate of different adenoma locations.
The most frequent type of thyroid surgery performed concomitantly in HPT was reported to be either total/subtotal thyroidectomy [17, 37] or unilateral lobisthmectomy [33] . Total thyroidectomy was commonly used in our study, justified by the high frequency of nodular disease in a region previously known for iodine deficient disorders [38] . The most frequent histological findings described in the literature are nodular goiter (8.4-47% of HPT cases), followed by thyroiditis (1.4-17.6%) and solitary thyroid adenoma (3.8-6.4%) [18] [19] [20] [21] [22] . Graves' disease remains an infrequent association (1.8%) [19] . Our findings were in accordance with these previous results.
Parathyroid carcinoma was diagnosed in only one case of PHPT, and it did not associate any thyroid disease. Other studies also described an incidence of parathyroid carcinoma in less than 1% of PHPT cases [39] . The association of parathyroid cancer and differentiated thyroid cancer was rarely described, suggesting coincidence rather than causality [40] [41] [42] [43] .
Non-medullary thyroid cancer was discovered with an incidence varying from 0.9 to 18.2% (mean value of 4%) of surgically treated PHPT patients. Autopsy controlled studies showed that thyroid cancer occurs more frequently in patients with PHPT, fact not observed for autoimmune or thyroid nodular disease [44, 45] . PHPT patients seem to have an increased overall cancer risk and parathyroidectomy is not a risk-reducing, but rather a delaying factor in the occurrence of cancer [7] . We found PTC in 19 (13.6%) of our PHPT cases -third highest rate of occurrence reported (Table 3 ). In accordance with previous reports [17, 33, [46] [47] [48] , twelve out of 19 cases (63.2%) were TMC and did not involve any lymph node or distant metastases. Low risk TMC could be managed with lobectomy instead of total thyroidectomy [49] [50] [51] , improving the quality of life. Rare metastatic TMC cases were however anecdotally described [52] .
Parathyroidectomy decreases mortality in patients with CKD and severe SHPT [53] . (Sub)total parathyroid excision is frequently needed, since all parathyroid glands are involved. Several authors described a more frequent association of CKD [32, 54, 55] , chronic dialysis [56, 57] , SHPT [12, 15, 58] or kidney transplant [14, 75, 77 . 78] with thyroid cancer than in the general population. Although all these studies suggested that CKD is accompanied by an increased risk of malignancy, including PTC, they did not, however, systematically evaluate the patients with SHPT submitted to both parathyroidectomy and thyroidectomy. These patients are different than other patients with CKD, in terms of higher severity of parathyroid and bone disease.
We confirmed 9 cases of PTC out of the 31 SHPT patients also operated for goiter, all of them having infracentrimetric dimensions (TMC) while only one had multifocal lesions. Similarly, other studies confirmed a predominance of TMC, being attributed to a closer thyroid surveillance in the context of hyperparathyroidism [34] . A previous study in our center including 43 patients with SHPT who underwent parathyroidectomy between 1994 and 2004 and, when indicated, concomitant thyroid surgery (in 17 cases, 39.5% of SHPT), revealed a lower incidence of papillary TMC of only 4.7% (2 out of 17 cases) [59] . The participants were however fewer and TMC incidence was not significantly different from the present study (9 out of 31 cases, p = 0.125 by the Chisquare test).
PHPT and SHPT are different etiopathogenic entities, and literature data regarding the association between SHPT and thyroid cancer is scarce [10, 13, 33, 34] . Our study demonstrated for the first time that the incidence of PTC was high and similar in both PHPT and SHPT (13.6 and 11.7% respectively, p = 0.517) in patients operated in the same surgical center. Likewise, Burmeister et al. reported similar, albeit lower frequencies for both PHPT (2.6%) and SHPT (3.2%, p = 0.550) [34] .
The opinions on the association of HPT with nonmedullary thyroid cancer or thyroid nodularization shifted over time from mere coincidental [21, 23, 60, 61] to considering them causally related [17, 52, [62] [63] [64] . Although PHPT and concomitant medullary thyroid cancer (MTC) are well described in MEN2A syndrome, no obvious genetic link between PTC and PHPT has been yet demonstrated. Most cases of PHPT are sporadic and may associate a germline mutation in MEN1, CDC73, CASR, CDKIs or PTH genes, especially in patients under 45 [65] . PTC is the most common thyroid malignancy and mutations in RET proto-oncogene, BRAF and Ras may be involved in its development [66] , especially in younger patients and after radiation exposure [67] .
Some studies investigated several predisposing factors for PTC in PHPT, such as the tumor promoting effect of PTH [60] , the goitrogenic effect and increased mitotic activity induced by hypercalcemia [7, 68, 69] and neck irradiation [7, 69, 70] . A presumed role for PTH excess in triggering the onset of PTC remains controversial [34] . One of the criteria for choosing parathyroidectomy in SHPT due to CKD is that of high PTH levels (over 800 pg/ml) [16] , whereas even milder forms of PHPT with modestly elevated PTH actually represent an indication for surgery [15] . Not surprisingly, our patients with SHPT had therefore much higher pre-operatory PTH levels when compared to PHPT patients. Despite this clear quantitative difference, the incidence of PTC was similar in the two groups (25.3% in PHPT and 29% in SHPT, p = 0.694), suggesting that higher PTH may not increase PTC incidence further, and that PTH may therefore even not be involved at all in the onset of PTC. Moreover, the incidence of PTC drastically increased recently. This increase is exclusively due to the over-diagnosis of TMC frequently found with more detailed histological investigation, more often thyroid ultrasound investigation and ultrasound-guided fine needle aspiration biopsy (FNAB) [32, 54, [71] [72] [73] [74] [75] . The evolution of TMC is usually indolent and their radical therapy did not contribute to a decrease of mortality, therefore certain authors even recommend conservative therapy and follow-up in these cases [32, 55, 75] . The presence of TMC was also described in up to one third of thyroid gland autopsies of persons deceased for other reasons [58, 71, 73, 74] . Retrospective studies performed in Romania showed a higher incidence of thyroid cancer after the Chernobyl accident [65, 66] . The increase of thyroid carcinoma incidence in Romania is paralleling, however, the same observation worldwide, irrespective of radiation exposure and may be rather related to the higher sensitivity in the diagnosis of TMC [32, 54, 58, [71] [72] [73] [74] [75] .
Since TMC incidence is so high in the general population, it is not unexpected to observe the presence of TMC also in patients operated for both thyroid and parathyroid glands, irrespective of parathyroid pathology. Six patients with PHPT, but no patients with SHPT had, however, PTC with a diameter larger than 1 cm, and of over 4 cm in 3 cases. These results suggest that larger forms of PTC with presumed poorer prognosis may be occasionally found into the thyroids of patients with PHPT, but less frequently in patients with SHPT. The coexistence of a nodular lesion in the thyroid of patients with PHPT, which is usually detectable before surgery during ultrasound investigation of the cervical anterior region should therefore not be neglected, FNAB being strongly advisable in order to rule out malignancy.
It is not clear how PHPT may influence the evolution of differentiated thyroid malignancy. As stated above, PTH levels seem not to be important since larger PTC were found exclusively in patients with PHPT, despite their much lower PTH compared to SHPT patients. A presumed common genetic background, although not yet defined, may thus predispose certain patients to both PHPT and PTC with larger dimensions. Our study is the first to compare the incidence and histology of thyroid carcinomas between patients concomitantly operated in the same medical center for PHPT or SHPT caused by CKD, and coexistent thyroid pathology. The limitations of this study consist, however, in its retrospective nature, as well as the absence of a control group submitted to thyroid surgery, but without coexistent parathyroid pathology.
Conclusions
PTCs are frequently diagnosed in association with HPT, especially in regions with endemic goiter. Undiagnosed concomitant thyroid nodules represent the main hazard to minimally invasive procedures for parathyroid adenomas, since they may veil malignancy [56, 57] . The incidence of PTC is similar in patients with PHPT and SHPT, even if PTH levels are significantly higher in patients operated for SHPT, suggesting that PTH may not be directly involved in the PTC pathogenesis. Although PTC found in patients with SHPT were all TMC, seven out of the 19 patients with PHPT and PTC had thyroid tumors with a diameter above 1 cm, and even above 4 cm in three cases. It is not clear why larger PTC are present in an important number of patients with PHPT, but not SHPT.
A particular genetic background may be involved in these patients, fact that should be further investigated. Associated thyroid nodular pathology in patients with PHPT should therefore not be neglected and FNAB of larger thyroid nodules should be routinely performed in these cases. 
